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Uniphase Corp opened one of Europe’s most sophisticated semiconductor laser fabrication plants in Zurich, 
on 27 March 1998. The new fab enables Uniphase Laser Enterprise (ULE), the company’s Swiss-based 
subsidiary, to significantly increase laser production to meet the demand in its core Dense Wavelength 
Division Multiplexing (DWDM) telecommunications market, while expanding its product offerings to other 
-high power laser markets. 
T niphase has invested .more than US$20 million to con- b struct its high-capacity 
diode laser fabrication facility in 
the Binz industrial district of 
Zurich. The investment includes a 
new Riber multi-wafer ‘M49’ 
Production molecular beam 
epitaxy (MBE) unit capable of 
depositing laser structures onto 
13 2” GaAs wafers in a single epi- 
taxy run. Process tools adapted 
from the research environment 
are being replaced by specialized 
manufacturing tools designed for 
high-throughput diode laser pro- 
duction. Anticipating the in- 
creased wafer flow, ULE will 
double its test, measurement and 
life-testing capabilities in 1998. 
The entire production line will be 
housed in a spacious new site hav- 
ing a total work space of 6000 m*, 
of which 300 m* and 800 m2 is 
Class 100 and Class 1000 clean- 
room, respectively The cleanroom 
area houses both the main laser 
production line, and many of 
ULE’s test, measurement and R&D 
laboratories. The new production 
tools should give the Zurich facili- 
ty the capacity to deliver in ex- 
cess of 100 000 laser diode chips 
to its customers annually. 
The 980 nm diode lasers to be 
produced at this facility are a key 
Figure I. ULE’s production MBE systems, both Varian ‘Gen //‘solid-source units, are used to 
grow the company’s AllnGaAs product line on 2” GaAs wafers. 
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component in Erbium Doped 
Fibre Amplifiers (EDFAs), which 
play an important role in increas- 
ing the speed and message carry- 
ing capacity of today’s Bbre optic 
networks. EDFAs allow the optical 
amplification of a signal (or multi- 
ple signals in wavelength division 
multiplexing (WDM) systems) 
transmitted across fibre optic ca- 
bles. This fully optical amplifica- 
tion process is superior to the 
costly and slower regeneration 
process in which optical signals 
must be converted to an electron- 
ic form and then back to an opti- 
cal form. 
The market for EDFAs pumped 
by 980 nm lasers began to devel- 
op with the commercial introduc- 
tion of the ‘E2’ 980 nm pump 
diode laser chip in 1990, pro- 
duced by Laser Enterprise, when 
it was a part of IBM’s Zurich 
Research Laboratory With the 
1993 announcement by MCI in 
the USA of a successful fibre optic 
link between Sacramento, 
California, and Chicago, Illinois, 
employing E2 pump lasers, a new 
era of long-haul fibre optic sys- 
tems capable of meeting burgeon- 
ing Internet bandwidth demands 
began. Since this time, the market 
for EDFA pumps has continued to 
grow and it is estimated by KM1 
and Uniphase that it will be worth 
approximately $300 million by 
the year 2001. At this time ULE is 
the largest supplier of pump 
lasers into this market. 
The amplification of the light 
travelling down the fibre optic 
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Figure 2. Chip inspection and selection is a widely overlooked process which is nevertheless 
vital to reliability. At Uniphase a fully automated optical inspection uses complex optics to 
record chip images from all perspectives. The visual record of all chips shipped allows 
Uniphase to constantly revise and optimize its inspection criteria based on customer feed- 
back, while also assisting customers with their own chip handling techniques by showing 
them the state of the chips when they left Zurich. 
cable is achieved by introducing 
small quantities of erbium into a 
special glass Bbre. The erbium is 
energized efficiently by pump 
lasers operating in the 980 nm or 
1480 nm wavelength range. EDFAs 
built around 980-nm pump lasers 
have less amplification noise, an 
increasingly important point in 
WDM networks which are moving 
towards denser wavelength spac- 
ing to squeeze more data through 
individual fibres. 
just another statement about our 
commitment to the semiconduc- 
tor diode laser market and to our 
goal of becoming the leading in- 
dependent supplier of fibre optic 
components and modules to the 
communications industry.” 
Through the combination of 
new equipment and significantly 
more space, this new facility will 
greatly enhance the efficiency of 
each of these steps in the laser 
development process. “This facili- 
ty will allow us to expand our 
production of a key component 
to the WDM marketplace,” says 
Kevin Kalkhoven, Uniphase Chair- 
man and CEO. “This investment is 
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ULE’s transition 
The opening of the Zurich laser 
fab marks a milestone in the tmnsi- 
tion of ULE from its research begin- 
nings to a marketdriven, volume 
manufacturing company serving a 
global customer base (Figure 1). 
The organization traces its roots 
to IBM’s prestigious Zurich Research 
Laboratory (ZRL), renowned for 
consecutive 1986 and 1987 
physics Nobel prizes and the 
invention of the PC token-ring 
network architecture. ZRL also 
has a long-standing tradition in 
compound semiconductor re- 
search reaching back more than 30 
years. That research evolved from 
high-speed GaAs transistor develop 
ment into optoelectronics in the 
mid-1980s when it appeared that 
GaAs integrated circuits for logic 
and memory would play only a mi- 
nor role in data-processing equip 
ment. Early diode laser research 
focused on short-wavelength 
(670 nm and 830 nm) lasers for 
magneto-optical storage systems. In 
addition, 850 nm and 1300 nm 
diode lasers were explored as 
sources for high-speed data links. 
It was a common belief in the 
1980s that GaAs-based lasers, es- 
pecially those containing AlGaAs, 
were inherently unreliable. Dark- 
line defects and facet corrosion 
limited the useful life of such de- 
vices. In the scientific literature, 
narrow-stripe emitters run above 
100 mW continuous wave (CW) 
output power ceased operation 
before 5000 hours. Interestingly, 
dark-line defects were never ob- 
served in the Zurich lasers, rather 
its early high-power GaAs/AlGaAs 
devices degraded rapidly due to 
facet corrosion, which eventually 
led to failure via catastrophic opti- 
cal facet damage (COFD). 
Mirror coating extended laser 
lifetime significantly, but such 
lasers were still prone to sudden 
failures.This is now understood to 
result from a steady and pre- 
dictable decrease of the laser’s 
COFD level during continuous op- 
eration. Sudden fails occur the 
moment the COFD level matches 
the laser operating power. Further 
experiments at IBM showed that 
the decrease of COFD level with 
time can be completely sup- 
pressed by an improved mirror 
passivation process designed to 
avoid facet corrosion. This patent- 
ed coating technique called E2 
greatly improved the general per- 
ception of GaAs/AlGaAs laser reli- 
ability in the research community 
The journey to commercializa- 
tion began in the late 1980s when 
outside R&D laboratories 
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expressed an interest in receiving 
high power InGaAs/AlGaAs diode 
lasers for the development of new 
low-noise EDFAs based on the 980 
nm pump wavelength. Initial ex- 
periments were so promising that 
by 1990 IBM was asked by its 
R&D partners to provide a steady 
supply of pump diodes for pur- 
chase. In response, the Zurich 
laser team elected to step out of 
basic research to focus on the 
commercialization of its InGaAs/ 
AlGaAs 980 nm E2 pump laser 
technology.To better project their 
new identity in the marketplace, 
they adopted the name Laser 
Enterprise. 
The commercial introduction 
of the E2 980 nm pump diode 
laser chip. in 1990, along with 
MCI’s 1993 announcement, saw 
the rise of a new era of long-haul 
fibre optic systems capable of 
meeting the ever-expanding 
Internet bandwidth demands. 
Laser Enterprise supplied the E2 
laser diodes whose breakthrough 
reliability enabled 980 nm pumps 
to rapidly replace 1480 nm lasers 
in terrestria.1 EDFA applications. 
Laser Entegprise grew alongside 
the fibre optic data network in- 
dustry, doubling diode laser ship- 
ments annually during the mid 
199Os, and realizing sales well in 
excess of $20 million last year 
(Figure 2). 
This transition, requiring about 
30 ambitious researchers and expe- 
rienced technicians to embrace a 
manufacturing environment, was 
possible only because of the strong 
sense of identity and ownership 
they felt towards an excellent 
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product. Indeed, ULE regards its 
highly experienced and flexible 
staff as its greatest asset.The com- 
pany’s scientists, engineers and 
technicians have more than 700 
combined person-years of com- 
pound semiconductor experience 
accumulated since the 1970s. This 
breadth of experience, and focus 
on a single 980 nm pump laser 
product, has enabled Laser 
Enterprise to deliver to date more 
than 100 000 E2 chips for its cus- 
tomers’ networks. 
On 10 March 1997, Laser 
Enterprise and Uniphase officially 
joined forces when Uniphase an- 
nounced the acquisition of Laser 
Enterprise from IBM in an all-cash 
transaction amounting to $45 mil- 
lion. This union combines Laser 
Enterprise’s leading telecommuni- 
cations laser diode business with 
the Uniphase product portfolio 
and significantly strengthens the 
overall position of Uniphase as a 
leading supplier of technology 
and products to the telecommuni- 
cations marketplace. The merger 
provides ULE with the capital 
needed to continue expanding to 
meet its present customers’ 
needs, and to introduce new 
diode laser products leveraging its 
leading 980 nm core technology 
at higher power levels and new 
wavelengths. 
InGaAs/AIGaAs 
ULE’s diode laser technology 
comprises several key features. 
MBE (Figure 2) produces GaAs- 
based heterostructures of ex- 
tremely high purity with 
excellent layer control. Highly de- 
veloped design and processing 
skills ensure that the epilayers 
reach their full potential as fabri- 
cated devices. ULE’s proprietary 
E2 facet coating process protects 
against facet corrosion, drastical- 
ly increases sustainable power 
output, and eliminates cata- 
strophic mirror damage under 
normal operating conditions alto- 
gether. These core technologies 
are behind the 980 nm pump 
laser products on the market to- 
day, while also enabling ULE to 
develop high power laser prod- 
ucts over the full 800-1100 nm 
Figure 3. The BA30 chip is ULE’s first broad area product and represents a new direction for 
the firm. Previously ULE had concentrated on a single core product, the 980 nm pump diode 
for EDFAs, but now it is working to broaden its product line to leverage its basic diode laser 
technology across a broader product range. 
wavelength range accessible to 
the InAlGaAs material system. 
The present version of the E2 
chip provides up to 240 mW of 
front facet, single lateral mode, 
linear output power at an operat- 
ing bias as low as 275 mA, 1.75 V 
More than 3 million laboratory 
device test hours and 500 million 
field test hours in customers’ 
EDFA’s testify to its success. ULE’s 
internal 980 nm laser reliability 
database extrapolates to a FIT 
(failure in lo9 hours) rate below 
250 under normal operating con- 
ditions, and predicts >700 000 
hours of median lifetime and 
mean time to failure of >l. 1 mil- 
lion hours. Field data on 980 nm 
pump modules incorporating the 
E2 chip accumulated over 90 mil- 
lion device hours yields a demon- 
strated FIT rate of only 180. 
These data, and ULE’s IS0 9001 
certification scheduled for early 
1999, have persuaded telecom 
customers that the ULE 980 mn E2 
pump laser technology is ready 
for undersea fibre optic uses. 
ULE is presently developing a 
fourth generation 980 nm chip 
capable of 300+ mW of linear, 
single transverse mode output 
power. A customer working with 
engineering samples of the new 
chip has announced a 980 nm 
pump module coupling 200 mW 
of single mode power in the fi- 
bre. Samples are available, with 
production quantities of the 300 
mW class E2 chip expected to 
ship in November 1998. 
To meet its customers’ needs 
for increased stabilization of the 
pump wavelength, ULE is work- 
ing with customers to develop fi- 
bre grating stabilized 980 nm 
pump modules. Samples of the 
wavelength stabilized pump 
module are available, with pro- 
duction quantities shipping soon. 
ULE’s expanded production 
capability at Zurich permits it to 
leverage the 980 nm narrow 
stripe laser process to new wave- 
lengths and broader area devices 
to meet the needs of customers in 
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telecommunications, but also in 
the materials processing, printing, 
medical equipment and inter- 
satellite communications indus- 
triesAt the February 1998 Optical 
Fiber Conference held in Sari Jose, 
California, USA, ULE introduced its 
first broad area product: a junc- 
tion-side-up, 500 mW, 30 ym ridge- 
width laser diode emitting at 965 
nm optimized for customers’ 
specifications for pumping high- 
gain, dual-core Ytterbium/Erbium- 
doped fibre amplifiers (Figure 3). 
This conservative design adapts 
the narrow stripe 980 nm process 
to a broader ridge width while 
maintaining the strengths of ULE’s 
standard epitaxial and E2 process- 
es. As a result, ULE is confident 
that the new 30 ym broad area 
product will meet or exceed cus- 
tomers’ reliability specifications. 
Future broad area products oper- 
ating at other wavelengths, and 
with wider stripe geometries for 
higher power output are aiso in 
development. For example, a 
1.5 W, 100 ym aperture broad area 
laser product qualified for 9 17 nm 
and 975 nm operation is sched- 
uled for introduction in the Fall of 
1999. Future broad area, high 
power laser offerings at 808 nm 
and other wavelengths are also 
being considered. 
Similarly, ULE is developing 
narrow stripe lasers for customers 
requiring reliable, single lateral 
mode lasers operating anywhere 
in the 800-1100 nm wavelength 
range. Such lasers find use as 
pumps for alternative rare-earth- 
doped fibre amplifier technolo- 
gies, and as seed lasers for new 
high-gain fibre amplifier and fibre 
laser designs. 
Going forward 
Having completed its transition 
from a small IBM research group 
to a reliable supplier of critical 
diode laser components to 
telecommunications companies 
around the world, ULE looks 
forward to an expanded role both 
within Un:iphase and the overall 
laser marketplace. 
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